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Interpretation of the magnetization mechanism in Terfenol .. D using 
Barkhausen pulse.,height analysis a.nd irreversible magnetostrictlon 
D. C. Jiles 
Ames Laboratory, Iowa State University, Ames, Iowa 50011 
So Hariharan 
Department of Electrical Engineering, Iowa State University, Ames, Iowa 50011 
The ternary alloy DYO.7 Tbo.3 Fe!.9' known as Terfenol-D, is a highly magnetostrictive aHoy 
with magnetostriction coefficients along the principal crystallographic directions of 
Alii = 1640X 10- 6 and ..1. 100< lOO( ± 30) X 10' 6. The bulk magnetostriction A is dependent 
on the state of magnetization j\1, on the original domain configuration, and on the texture of 
the material. This paper reports on Barkhausen measurements and magnetostriction. The 
pulse-height distribution of Barkhausen emissions revealed events occurring at a specific 
amplitude which were stress dependent. The magnetostriction results gave a saturation 
magnetostriction in excess of 2000 J-l strain. 
I. iNTRODUCTION 
In order to obtain the largest bulk magnetostriction pos-
sible, Tbo.3 DY07 Fel.9 specimens should be fabricated as 
rods with the crystallographic [111 ] direction aligned along 
the unique axis. A number of studies have shown that this is 
extremely difficult to achieve. 1 Therefore, specimens are 
produced with the [112] direction along the unique axis. 
The nearest [ 111] axis is displaced by an angle of 19.5° from 
the unique axis ofthe rod as indicated in Table I. Preferential 
growth along the [112] direction allows easy development 
of twins, and twinning of the crystal is known to occur in 
Terfenol. This leads to inhibition of the low-field magneto-
striction; however, the saturation magnetostriction along 
the [112J axis is not affected by the twinning. 
To improve the bulk magnetostriction, specimens were 
subjected to compressive stresses of up to 14 MPa along the 
unique axis. This had the effect of increasing the amount of 
90· domain processes occurring during magnetization by 
aligning domains preferentially along the (111] of [11 T] 
axes in the demagnetized state. These axes were perpendicu-
lar to the unique axis of the specimen. When all domains 
were aligned perpendicular to the unique axis in the demag-
netized state, a 50% increase in saturation magnetostriction 
was observed. 2 
Measurements on some recent specimens have shown 
that in the materials with As ;;.2000 X 10- 6 there is a very 
rapid increase in magnetostriction with field H at field 
strengths of typically 16-40 kA/m (200-500 Oe) when the 
TABLE I. Orientations of the family of (Ill> directions with respect to the 
[1121 axis which is parallel with the unique axis of the rod in Terfenol-D. 
Axis 
[Ill] 
[HI], (ill] 
(fII], [1111 
pH], [1111 
rlll] 
Angle 
19.5" 
61.9' 
9(f 
118.1' 
160.5" 
material is under a compressive load. Although in some 
cases A was found to be discontinuous with respect to H, 3 it 
did not exhibit any unusual behavior as a function of B.4 
However, the hysteresis loop of these high-performance 
specimens did show a distortion under load as shown in Fig. 
1. The rapid change in magnetostriction with field H was 
found to occur at the location of the maximum in dB /dH. 
It RESULTS 
The measurement system used in this investigation was 
similar to that described previously.5 In all cases we took the 
magnetostriction in the demagnetized state as the zero refer-
ence point. In the unloaded condition it was found that upon 
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FIG. I. Changes in the magnetization curve (hysteresis loop) ofTerfenol-D 
under applied stress. 
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FIG. 2. Magnetostriction as a function of magnetic field H forseveral differ-
ent levels of stress, as given in Table ll. Top figure is at 18 MPa compression, 
bottom figure is at 0 MI'a. 
state we observed a magnetostnctlOn amplitude 
b.A = 1025 X 10 - 6 between the saturated and demagnetized 
states, but only an amplitude LU. = 913 X 10 6 between the 
magnetizing the specimen the magnetostriction appeared to 
have two components, a reversible component and an irre-
versible component. The latter was manifested as a net offset 
in magnetostriction when the magnetization was reduced to 
zero after saturation as shown in Fig. 2. 
It is known that the bulk magnetostriction As is deter-
mined by the initial (demagnetized) domain configuration. 
Since the magnetostriction A does not return to its original 
demagnetization value when the magnetization is reduced to 
zero after being subjected to an applied field, it is clear that 
irreversible changes in the domain configuration have oc-
curred between the demagnetized M = 0 state and subse-
quent M = 0 states in the cyclic condition. In the unstressed 
saturated and subsequent M = 0 states. This was due to an 
irreversible offset magnetostriction of 112 X 10 6. 
Under compressive load the magnetostriction ampli-
tude increased, but the irreversible off.'>et magnetostriction 
decreased rapidly, as shown in Fig. 2. This implies that the 
domain configuration under an applied stress greater than 3 
MPa is recoverable when the magnetization is reduced to 
zero, and hence that the magnetostriction is reversible under 
these conditions. When the material was under a compres-
sive load of 14 MPa, the magnetostriction amplitUde b.A. at a 
field amplitUde of 240 kA/M (3000 Oe) was found to lie in 
the range (2202-2261) X 10 - 6. 
The application of a compressive stress favored orienta-
tion of the domains along the two axes (111 J and [111 J, 
which are perpendicular to the field axis. At higher compres-
sive stresses these directions became increasingly favored, so 
that upon reduction of the magnetization to zero, the do-
mains reverted to these directions perpendicular to the field 
axis. This led to complete reversibility in magnetostriction. 
Upon reduction of the magnetization to zero in the un-
stressed condition when in the cyclic state, some of the do-
mains which were originally in the perpendicular directions 
in the demagnetized condition failed to revert to the perpen-
dicular directions but rather underwent a nonmagnetostric-
tive 180· domain rotation. This reduced the magnetostric-
tion amplitude when the material was in its cyclic state 
under zero stress. There appeared to be very good correla-
tion between the maxima in dB I dH and dA I dH, as shown in 
Table II. 
Pulse-height analysis of the Barkhausen events is shown 
here for the first time in Fig. 3. These were obtained from the 
pulse-height spectra at various stress levels by subtracting an 
exponential background spectrum. The difference spectrum 
TABLE H. Values of the field strengths at which maxima occur in dA. (dH and differential permeability dB (dH for various applied compressive stresses as the 
magnetic field was swept from saturation in the negative direction to saturation in the positive direction. Two principal peaks in activity occurred: Ol1e at a 
negative field strength and the other at a positive field strength as reported previously (Ref. 4). 
Stress 
(MPa) 
5014 
o 
3.5 
7 
14 
18 
HI' 
kA/m (Oe) 
-0.75 (-9.42) 
-- 1.78 ( - 22.3) 
- 8.22 ( -- 102.7) 
- 20.80 ( -. 260) 
- 28.48 (- 356) 
J. App/. Phys., Vol. 67, No.9, 1 May 1990 
+ 
kA/m (Oe) 
O.9H (12.3) 
1.24 (155) 
19.92 (249) 
31.04 (388) 
37.92 (474) 
kA/m (Oe) 
-- 1.21 ( - !5.1) 
- 2.66 ( - 33.2) 
- 9.30 (- 116.2) 
- 22.1l (- 276.4) 
- 30.40 (-·380) 
+ 
kAhn (Oe) 
2.1\6 (35.7) 
10.12 (126.5) 
19.95 (249.4) 
33.76 (422.0) 
41.36 (517.0) 
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obtained thereby revealed details of the Barkhausen activity 
at higher amplitudes; in particular, it was found that there 
was Barkhausen activity with a very well-defined amplitude 
of 1.27 V (3.6X 10- 5 Wb/s) which was strongly dependent 
on the stress. The occurrence of a number of Barkhausen 
events of the same amplitude is indicative of a number of 
identical processes occurring in. the material, and the high 
stress sensitivity indicates that these events are due to the 
[II 1] -- [ 111] and [11 T] -+ r 111] mechanisms. 
iii. ANALYSIS 
In this material the < III > axes are the magnetic easy 
axes and so the anisotropy, by convention, is negative. Ac-
cording to Clark and co-workers3 it has a value of 
K\ = - 0.6 X 105 Jim'. The anisotropy as a function of an-
gle is then given by 
5015 J. Appl. Phys., Vol. 67, No.9, 1 May 1990 
Eo = K\ L cos2 (); cos2(}j, 
iJ _c 1.2.3 
i-f'j 
and therefore the anisotropy energies along the [111], 
[110], and [100J axes are, respectively, - K j /3, - K j /4, 
and O. If we consider the energy needed to rotate the direc-
tion of magnetization between any two < 111) directions, the 
energy barrier will be KJ6 with rotation through the (110] 
direction and K j /3 with rotation through the lIDO] direc-
tion, The critical field Hcr required to cause rotation 
between [111 J directions, in the absence of stress, is the field 
needed to overcome the energy maximum of K l /6 along the 
[110 J direction.6 This is given by 
fJ.o1\-fsH"r cos () = K j /6, 
where () = 54,7" is the angle between the field direction 
[ 112] and the [11 OJ direction. The critical field strength is 
then Her = 17 kA/m = 216 Oe. 
This field strength is comparable with the field strength 
of 22.4 kA/In (280 Oe) at which Verhoeven et aC have 
observed critical behavior of the magnetostriction in these 
alloys. It therefore appears that the field strength at which 
the rapid, and sometimes discontinuous, change in magneto-
striction occurs in the vidnity where we should expect rota-
tional processes to occur. 
IV" CONCl.USIONS 
Results have been presented on the magnetostriction 
and Barkhausen effect in a recent specimen of high-perfor-
mance Terfenol-D with composition Tho.} DYO.7 FeL9' This 
specimen had a bulk saturation magnetostriction in excess of 
2000X 10- 6 under a compressive stress of 14 MPa. The re-
sults showed the emergence of Barkhausen pulses with peak 
heights of 3.6X 10- 5 Wb/s. The number of pulses of this 
amplitude was found to be strongly dependent on applied 
stress, being within the background of typically 700 events 
per cycie at zero stress, but rising to 3300 events per cycle at 
18 MPa. These Barkhausen events, which occurred over a 
limited range of ampiitude, have been attributed to the rota-
tion of magnetization from the l n 1 J and [ 1 I I 1 to the [ 111 J 
directions within the crystal. The field strength H at which 
these events occurred was consistent with the field strength 
n.ecessary to cause domain rotation by overcoming the ani-
sotropyenergy. 
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